Abstract. In order to improve the robust performance for a type of nonlinear multivariable system, a new fuzzy variable structure control method is introduced in detail, which combined the features of traditional variable structure control method with the advantages of the fuzzy control theory. The present work realized the linearization of the nonlinear multivariable system, and then the new fuzzy variable structure control method is applied to control the linearization system. The robust experiments were carried out on the novel method. The results indicated that the required robust performance could be achieved with high efficiency by utilizing the new method.
Introduction
The robust control problem of the nonlinear multivariable system is difficult to be solved for long time [1] . In this paper a new fuzzy variable structure control is proposed for a type of nonlinear multivariable system.
Firstly, the linearization of the nonlinear multivariable system is realized. It converts the nonlinear multivariable system into the linear one which is easier to be controlled with the linear multivariable control theory [2] . Secondly, a new fuzzy variable structure control approach is proposed for a type of nonlinear multivariable system in order to improve the robustbility of the system.
Nonlinear Multivariable System
The nonlinear multivariable system to be controlled is showed in Fig.1 , which is composed of a motor-pump subsystem and a valve subsystem [3, 4] . In the motor-pump subsystem the flow Q p is a nonlinear unit which can be described by the product of the motor speed n and the servo-pump displacement q, i.e. n q Q p ⋅ = . So the whole system is a type of nonlinear system.
The Linearization and the Mathematical Modeling
The Linearization of the Nonlinear Multivariable System. It is difficult to control the nonlinear multivariable system by the traditional control methods. However , it is found that when the linearization of the system is realized the fuzzy variable structure control method can be used. Fig.2 describes the principle of the new control method. In this figure the combined controller is composed of the motor-pump subsystem, the valve subsystem and the computer control unit. The result is that the whole motor-pump-valve system is converted into a linear system. The flow of the motor-pump subsystem Q p and the flow of the valve subsystem Q v are the flow of the combined controller. Fig.2 can be seen as the simplification of Fig.1 . In Fig.2 , the nonlinear pump unit is put into the combined controller. Thus the whole system is converted into the linear system. Denote X and U as the state vector and the control vector respectively, and let
, then the state space equation of the system is 
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Advances in Machining & Manufacturing Technology VIII Therefore, the control problem of the nonlinear multivariable system shown in Fig.1 is converted into the control problem of the linear multivariable system successfully. The Establishment of the System Error State Equation. Eq.4 is the real system model. Similarly, the nominal system model is
where the coefficient matrixes A M and B M are designed by the desired performance and the practical situation.
The model-tracking error e is: X X e M − = , and the model-tracking error system state equation is:
where e and X are observable. In Eq.7, the second part of the right side could be regarded as the disturbance. If the parameters of the nominal model are chosen reasonably, the sufficient and essential condition of the sliding mode uninfluenced by the disturbance will be satisfied easily. The
. The error equation can be expressed further as
where Ã is the attainable matrix which can match the dimension of the Eq.9. Fuzzy Variable Structure Control. The design procedure of the fuzzy variable structure control[5] is similar to the design procedure of the traditional variable structure control. The procedure includes two steps:
Step 1, Design the switching function S(X) which is asymptotically converging and with high performance; Step 2, Design the control vector U ± (X) which could match the reaching condition of the switching plane. 
where C is the 2×3 matrix, c 1 is the column vector, C 2 is the 2×2 nonsingular matrix. The matrix C is obtained by the method of the whole pole assignment,
where K depends on the pole set given in advance. 
The Design of the Control Vector. From Eq.7 and Eq.12 the differential equation can be derived.
The fuzzy reaching law is established according to the free hierarchical control mode and the fuzzy control theory. The fuzzy reaching law S & is obtained according to the distance between the system state and the sliding plane s=0. 
where
, e and X are observable. Based on the adjustability of the C 2 , the Eq.14 is
where all the matrixes in the Eq.15 are obtained. Thus the switching function is converted into:
The Definition of the Parameters
The Definition of the Nominal System Model. The nominal system model is defined based on the desired performance and the state of the real system. The Definition of the Pole Set . The pole set is used to limit the sliding-mode performance. In the motor-pump-valve system the pole set is only one real pole. To achieve the higher performance the real pole is chosen as 4 30
, where t s is the regular time of the real system. . Till now, the design of the fuzzy variable structure control has been finished.
Simulation Experiment
The Matlab software is used to simulate the motor-pump-valve system based on the Fig.2 . The PID method is used to control the subsystems in the combined controller in Fig.2 . Fig.3 The robust response curves of the load disturbance
Conclusion
As far as a type of nonlinear multivariable system proposed is concerned, it can be controlled by the fuzzy variable structure control method proposed in this paper. Firstly, the nonlinear multivariable system is converted into a linear multivariable system. And then the fuzzy variable structure control method is being used to the linear multivariable system. It can be concluded from the result of the simulation experiment that the fuzzy variable structure method is better than the traditional PID method and the traditional variable structure method for a type of the nonlinear multivariable system. Furthermore, the fuzzy variable structure control method has certain guiding significance to the application and the theoretical study of some other type of nonlinear multivariable system. 
